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Sexual dimorphism in the human pelvis is inferentially related to parturition. Investigators
disagree about the identification and obstetric significance of pelvic dimorphism. Benefiting
from a large sample of complete skeletons from the Coimbra Identified Skeletal Collection, we
show that the dimensions of the true pelvis (birth canal) that are most sexually dimorphic (that
is, the dimensions of females are greater than males) are those which are related to biparietal
deformation, which often leads to the death of the human neonate. These dimensions are: the
anteroposterior diameter of the inlet (index of dimorphism ¼ 108.41), the transverse diameter
of the bispinous midplane (index of dimorphism ¼ 117.13) and the transverse diameter of the
outlet (index of dimorphism ¼ 112.3). Therefore, sexual dimorphism in the human pelvis is a
reflection of differential selection on the two sexes. These results may stimulate further studies
with a fresh approach regarding the fossil and comparative evidence for when and how the
modern pattern of birth has evolved.
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In humans, the true pelvis is on average larger in females than males, whereas for
other measurements of the skeleton, males have greater values than females (Tague,
1992). In both sexes, the pelvis functions in locomotion, posture, visceral support
and in adaptation to climate (Abitbol, 1988; Lovejoy, 1988; Ruff, 1991). In females,
the pelvis also serves as a birth canal and thus it may be inferred that evolution of
pelvic dimorphism is associated with parturition (Tague, 1992).
In Homo sapiens, the size of the foetal cranium and the main diameters of the true
pelvis are so similar that the human pelvis is described as ’ ’shockingly crowded’’ in
parturition (Schultz, 1949). Two factors have been responsible for this distinctive
cephalopelvic proportion, or rather disproportion, in humans. Firstly, the greater
size of the foetal neurocranium – there is a strongly positive departure of human
neonatal brain mass from a nonhuman primate baseline (Leutenegger, 1982; Harvey
and Clutton-Brock, 1985). Secondly, the relatively narrow pelvis subordinated to the
demands of efficient bipedalism (Lovejoy et al., 1973). The pelvis in both sexes is
under selection due to locomotion, which would favour a narrow pelvis.
Additionally, the female pelvis is under selection favouring a wide birth canal and
hence maintains enough space to allow for delivery of a viable full term sized foetus
(Abitbol, 1987, 1988; Lovejoy, 1988). Cephalopelvic disproportion is a recognised
obstetric problem in humans, with a potential risk of mortality to both mother and
infant. It is also linked to a number of disorders in infants, including cerebral
trauma, mental retardation, and cerebral palsy (Morgan et al., 1986; Connolly et al.,
2003).
Due to the large neonatal head size and constraints on the pelvis imposed by
bipedal gait, the mechanism of birth in humans is unique (Fig. 1). The foetal head
normally engages in the maternal pelvic inlet in a transverse or oblique position.
When the foetal head enters the pelvic midplane (between the ischial spines), it is
compressed by the narrowing lateral walls of the passage and consequently rotates so
that its long axis lies anteroposteriorly. Finally, when the foetal head emerges from
the birth canal (outlet plane) it is in an ’ ’occiput anterior’’ position (Trevathan, 1987;
Rosenberg, 1992).
Human pelvic dimorphism has been the subject of a number of studies in various
scientific disciplines. While researchers agree that certain measures of the pelvis, such
as greater sciatic notch angle and subpubic angle, are dimorphic, there remains no
consensus in the identification and obstetric significance of other pelvic dimorphic
characteristics (for a review, see Tague, 1992).
A study by Borell and Fernstro¨m (1958a) revealed that the deformation in the
occipito-frontal diameter of the foetal head could occur without harm to the infant.
However, another study by Borell and Fernstro¨m (1958b) also revealed that the
deformation in the biparietal diameter could lead to death of the neonate. Therefore,
theoretically, the tighter the fit between the biparietal diameter of the neonatal head
and the diameters of the birth canal, the greater are the specialisation of the female
pelvis to parturition and the degree of sexual dimorphism in these birth canal
diameters.
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Fig. 1. Drawings of true pelvic planes and positions of foetal head in each plane. (A) The
human pelvis in coronal section, indicating the positions of the three pelvic planes: inlet,
midplane, and outlet. (B) The positions of the foetal head in each plane during labour. The
dotted lines represent the true pelvic diameters more sexually dimorphic in each birth canal
plane.
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canal), along with a measurement of femoral length were compared between sexes
using a large sample of complete skeletons of the Coimbra Identified Skeletal
Collection.Materials and methods
The sample
The true pelvic diameters of males and females from the Coimbra Identified
Skeletal Collection were examined and compared. For each of the 505 individuals in
the Collection, there was a file with information such as names of the individual and
her/his parents, sex, occupation, age at death, place of birth and death, and the cause
of death (Arsuaga et al., 1995; Rocha, 1995; Santos, 1995). The individuals died
between 1904 and 1936.
For the present study, only the complete skeletons of adult males and females were
chosen. A total of 242 individuals (118 males and 124 females) were examined. The
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median age of 37 years. Seven measurements of the true pelvis (birth canal), and a
femoral length, were taken for each individual and recorded by the first author.The measurements
To facilitate description and for further analysis, the true pelvis was divided into
three functional planes, which are considered of clinical or obstetrical importance
(Fig. 1A): the inlet (at the iliopectineal line or linea terminalis); the midplane (at the
level of the ischial spines); and the outlet (at the level of the ischial tuberosities and
the apex of the sacrum). Each pelvis was manually articulated and secured with an
elastic band so that there was no movement in the joints. The measurements of true
pelvis were taken using a standardised method as described by Tague (1989).
Dimensions were measured to the nearest mm using sliding and spreading calipers.
Repeated measurements were very similar. The following pelvic dimensions were
taken: (1) anteroposterior diameters: inlet – sacral promontory to dorsomedial
aspect of superior pubis; midplane – from transverse line between fourth and fifth
sacral vertebrae to dorsomedial aspect of inferior pubis; outlet – apex of fifth sacral
vertebra to dorsomedial aspect of inferior pubis; (2) transverse diameters: inlet –
maximum distance between iliopectineal lines; the diameter is visually aligned to be
perpendicular to the anteroposterior; midplane – distance between ischial spines;
outlet – distance between ischial tuberosities. (3) In additon, the diagonal diameter of
the inlet was measured between iliopectineal lines. For each measurement, the index
of dimorphism (ID) was determined. It was defined as the female mean minus male
mean times 100 divided by the male mean. The maximum length of the femur was
measured to the nearest mm with an osteometric board. This measure is defined as
the distance between the medial condyle and the head. Only the right femora were
measured. The data were analysed separately for male and female skeletons.Results and Discussion
Statistical parameters of distributions of measured dimensions are given in
Table 1. The results of Student’s t tests (two-sided) show that, whereas males are
significantly larger than females in terms of femoral length (Po0:0001) females are
significantly larger than males in terms of the pelvic dimensions (Po0:0001).
However, here we have tested the hypothesis that the dimensions of the birth canal
along which the biparietal diameter of the foetal head lines up are the ones that
should have the greatest sexual dimorphism. This hypothesis is formulated following
the suggestion by Borell and Fernstro¨m (1958a) that the deformation in the occipito-
frontal diameter of the head is less harmful to the neonate than deformation in the
parietal diameter. To our knowledge, no other recent studies have confirmed this
suggestion. A possible explanation for the lack of reports on this subject is that, in
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Table 1. Summary statistics for pelvic and femoral dimensions (mm) in the Coimbra
Collection
Males Females
Measures N X S.D. N X S.D. t-value Index of
dimorphism
Pelvic dimensions
Anteroposterior diameters
Inlet 118 99.68 10.15 124 108.06 9.52 6.19 108.41
Midplane 118 105.73 9.62 124 112.90 9.91 5.51 106.78
Outlet 116 109.22 8.10 124 116.32 9.11 6.26 106.50
Transverse diameters
Inlet 118 123.13 5.88 124 130.67 8.43 8.41 106.12
Midplane 118 88.90 7.14 124 104.13 9.39 13.96 117.13
Outlet 118 99.53 7.29 124 111.77 9.19 11.29 112.30
Diagonal inlet 118 118.14 5.89 124 124.94 7.44 8.05 105.76
Body dimensions
Femur length 118 437.17 11.84 124 391.25 10.76 20.62 89.50
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disproportion (Morgan et al., 1986; Abitbol et al., 1991) has reduced the risk of
labour complications. Vaginal birth has often been replaced in cases of predicted
cephalopelvic disproportion by caesarean section (Hanzal et al., 1993). This may
explain why there are no reports nowadays, of brain damage or neonate death caused
by foetal biparietal deformation. An indirect support for the suggestion of Borell and
Fernstro¨m (1958a,b) is the fact that the cephalopelvic index has been defined as the
difference between the median diameter of the midpelvis and the foetal biparietal
diameter (Hanzal et al., 1993; Bian et al., 1997). Furthermore, contemporary
biomedical practice implicitly supports the important reports of Borell and Fernstro¨m
(1958a, b). Despite an increase in newborn head circumference being associated with
an increase in risk of intrapartum caesarean delivery (Merchant et al., 2001), some
physicians believe that caesarean section is absolutely necessary if the biparietal
diameter exceeds 100mm (Rosenau et al., 1990). Besides, caesarean section is also
necessary if there is a smaller true conjugate–foetal biparietal difference (Adadevoh
et al., 1989). In short, the ratio between the maternal obstetric conjugate and the
foetal biparietal diameter is a critical determinant of whether physicians perceive that
vaginal birth is going to be successful (Yasumizu et al., 1994).
According to our hypothesis, we found that, for each of the three planes of the
female pelvis, the diameter of the pelvis, which accommodates the biparietal
diameter shows greater sexual dimorphism than the diameter that accommodates the
foetal occipito-frontal diameter. The dimensions of the birth canal which show
greater sexual dimorphism are the anteroposterior diameter of the inlet
(ID ¼ 108.41), the transverse diameter of the bispinous midplane (ID ¼ 117.13)
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precisely the pelvic dimensions, which could lead to a biparietal deformation, due to
the internal rotation of the foetal head during the passage through the birth canal
(Fig. 1B).
In order to test the significance of our findings, we have analysed whether the
pattern of IDs in this sample was consistent with the prediction of our hypothesis.
There is a difficulty in considering variation in the index of sexual dimorphism
because the index is based on sex specific means and has no sample size or standard
deviation. Thus, we have chosen a non-parametric test, the Mann–Whitney U test, for
further calculations. The median of IDs of the pelvic diameters which accommodate
the foetal biparietal diameter (median ¼ 112.30; lower quartile ¼ 108.41; upper
quartile ¼ 117.13) is significantly different from the median of IDs of the pelvic
diameters which do not accommodate this foetal head dimension (median ¼ 106.31;
lower quartile ¼ 105.94; upper quartile ¼ 106.64) (Mann–Whitney U test, P ¼ 0:03).
This result permits us to reject the null hypothesis that there is no difference between
the two groups of pelvic diameters, in this sample.
To investigate whether the hypothesised direction of pelvic dimorphism is the
same in other samples, we analysed the data of six other samples (two from the
Hamann–Todd skeletal collection and four from Amerindian populations) published
by Tague (1989) together with the data of the Coimbra sample (Table 2). The median
of IDs of the pelvic diameters which accommodate the foetal biparietal diameter
(median ¼ 117.37; lower quartile ¼ 108.78; upper quartile ¼ 120.63) is significantly
different from the median of IDs of the pelvic diameters which do not accommodate
this foetal head dimension (median ¼ 106.35, lower quartile ¼ 104.24; upper
quartile ¼ 106.99) (Mann–Whitney U test, P ¼ 0:0002).
It is also interesting to note that at the inlet the pattern is much less clear. In
three of Tague’s samples, sexual dimorphism at the inlet was stronger in theTable 2. Index of dimorphism in the six samples from Tague (1989) compared to the data of
the Coimbra sample
Index of dimorphisms
Whites Blacks Indian
Knoll
Pecos
Pueblo
Libben Haida Coimbra
Pelvic dimensions
Anteroposterior diameters
Inlet 108.82 114.58 104.85 100.0 96.0 108.74 108.41
Midplane 106.72 107.56 105.26 105.36 103.28 114.05 106.78
Outlet 107.21 108.85 104.59 106.54 104.31 115.38 106.5
Transverse diameters
Inlet 103.08 104.24 107.2 106.35 101.52 102.27 106.12
Midplane 118.6 116.87 120.43 117.86 — 129.41 117.13
Outlet 117.6 118.95 127.0 120.83 123.30 121.57 112.3
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hypothesis. However, in this plane, the foetal head sometimes engages into an
oblique position (Trevathan, 1987; Rosenberg, 1992) and for this reason, the
biparietal diameter may not be so constrained. This difference may reflect a variation
in birth mechanisms according to pelvic form.
Our suggestion may also explain why such a greater difference between the indices
of dimorphism is observed in the midplane and why the bispinous diameter is the most
dimorphic pelvic diameter. In this plane, the foetal head is constrained by the
narrowing lateral walls and must pass through only when its long axis lays
anteroposteriorly. These results suggest that the ischial spines are the most dangerous
bony protuberances of the birth canal and are likely to put excessive compression on
the foetal biparietal diameter. To our knowledge, there are no clinical data to support
this assertion. When childbirth moved from the home to the hospital in the middle of
the 20th century, the operative intervention for delivery based on the perception of risk
decreased the probability of excessive compression on the foetal biparietal diameter.
These results support the idea that the sexual dimorphism in the human pelvis is a
reflection of differential selection on the two sexes. That is, the pelvic sexual
dimorphism is directly genetically based or mediated by sex steroid influences on
pelvic growth as it has been suggested previously (Tague, 1992).
These results can contribute to our knowledge about mechanisms of birth in
Australopithecus and in Homo. A new and comparative analysis of the pelvic
dimorphisms in hominid fossils (mainly in the bispinous diameter) may contribute to
the understanding of when and how the modern pattern of birth has evolved. For
example, using pelvimetric data for A.L. 288-1 and females of H. sapiens (Tague and
Lovejoy, 1986), it was possible to observe that the dimensions which accommodate
the foetal biparietal diameter in humans are more similar to the respective
dimensions of A. afarensis than the other pelvic diameters. This similarity suggests
that internal rotation of the foetal cranium could be necessary in the A.L. 288-1
pelvis, supporting the idea proposed by Berge et al., (1984) for internal rotation in
early hominids. However, this directly contradicts what Tague and Lovejoy (1986)
argued, namely, that internal rotation of the foetal head in Australopithecines is not
only unnecessary but also impossible.Acknowledgements
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